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1. Introduction
The exact design of rank-1 and 2 codebooks were conditionally agreed in RAN1#57bis based on the way forward [1]. This contribution provides the simulation results for the codebooks [1] with rank adaptation. For 4x4 scenarios, some of the rank-3 codebook designs from [2] are simulated. One CM-preserving and one CM-friendly designs are simulated. The 4Tx DL Householder codebook is used as a reference. 
2. Codebook Design
For non-uniform antenna configurations such as dual-polarized arrays, the antenna element indexing is crucial since it may affect the performance due to the non-uniform correlation profile. Figure 1 depicts the indexing which we assume in this contribution. The antenna indexing is used to enumerate the spatial channel coefficients 
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where n and m are the receiver and transmitter antenna indices, respectively. Observe that the indexing for the 2 pairs of cross-polarized antennas (Figure 1(c).) represents the grouping of two antennas with the same polarization which tend to be more correlated. This is analogous to the indexing of 2 pairs of ULA in Figure 1(b). 
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Figure 1. Antenna element indexing (transmitter and receiver)
The simulated codebook is reproduced in Table 1 for convenience. 
Table 1. The proposed UL SU-MIMO codebook

	Rank-1 codebook from [1] – not including antenna turn-off vectors
· Size = 16
· Minimum chordal distance = 0.866 

· Mean chordal distance = 0.893 

	Index 0 to 7
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	Index 8 to 15
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	Rank-2 codebook from [2]
· Size = 16
· Minimum chordal distance = 0.500
· Mean chordal distance = 0.533

	Index 0 to 6
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	Index 7 to 13
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	Index 14 to 19
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	Rank-3 codebook – CM-friendly
· Size = 16

· Minimum chordal distance = 0.2887
· Mean chordal distance = 0.2976

	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
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	Index 12 to 15
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	Rank-3 codebook A – CM-preserving
· Size = 16

· Minimum chordal distance = 0.3538
· Mean chordal distance = 0.3633

	Index 0 to 3
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	Index 4 to 7
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	Index 8 to 11
	
[image: image43.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

1

0

0

1

0

1

0

2

1


	
[image: image44.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

0

0

0

0

0

0

1

0

1

0

2

1

j


	
[image: image45.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

0

0

0

0

1

0

0

1

0

1

0

2

1


	
[image: image46.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

0

0

0

0

0

0

1

0

1

0

2

1

j



	Index 12 to 15
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3. Simulation Results
The performance comparison between the codebooks in Table 1 and the 4Tx Rel-8 DL Householder codebook is depicted in Figures 2 and 3. 
· The 4Tx DL Householder (HH) codebook is used as a reference. 
· 2940 indicates the rank-1+rank-2 codebook in [1]

· 2940+R3-CMF denotes the rank-1+rank-2 codebook in [1] accompanied with the rank-3 CMF design from [2].

· 2940+R3-CMP denotes the rank-1+rank-2 codebook in [1] accompanied with the rank-3 CMP design from [2].

We observe the following:

· Overall, the performance of the UL SU-MIMO codebook (proposed in [1]) is close to that of the 4Tx Rel-8 Householder codebook.
· For 4x4 scenario, notice that CMF codebook results in 1-2% better performance than CMP within the region of interest. It should be noted that this performance does not reflect the effect of PA back-off due to the higher CM from the CMF codebook.
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Figure 2.Throughput comparison with rank adaptation
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Figure 3.Throughput comparison with rank adaptation: relative performance over HH
4. Conclusion

The following codebook design is compared with the 4Tx Householder design assuming rank adaptation:

· Rank-1 as agreed in [1] without antenna turn-off vectors 

· Rank-2 as agreed in [1] 
· Rank-3: size-16 CM-friendly with column-wise scaling and size-16 CM-preserving from [2]
Compared to the 4Tx DL Householder codebook, the above design was demonstrated to perform approximately the same. At the same time, the proposed design either preserves or reduces the cubic metric which is beneficial for UL transmissions. It is also noted that the CMF design results in slightly better throughput performance (1-2%) compared to the CMP design when the effect of PA back-off from the CMF codebook is not taken into account.
References
[1] 3GPP, R1-092940, Texas Instruments, Nokia Siemens Networks, Nokia, Ericsson, ST-Ericsson, LG Electronics, CEWiT, NTT DoCoMo, Panasonic, Qualcomm, RIM, Samsung, Sharp, “Uplink SU-MIMO Rank-1 and Rank-2 Codebook Designs” 
[2] 3GPP, R1-092403, Texas Instruments, “4Tx Codebook for UL SU-MIMO: Rank-3” 
Appendix: Simulation Assumptions

Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of SC-FDMA symbols per TTI
	12

	Antennas Configurations
	4x2, 4x4 

	UE speed and fading model
	3 Kmph

	Channel models and antenna configurations
	1) TU-6 delay profile + spatially uncorrelated channel; 

2) System-level SCM Urban Macro:
· Tx (UE): 2 pairs of XP antennas separated by /2

· Rx (eNB): 

· 2Rx: ULA spacing = 4
· 4Rx: 2 pairs of XP antennas separated by 4

	Center frequency
	2GHz

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	Number of HARQ processes
	8

	Processing delay 
	4 ms

	Receiver
	MMSE
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